Summary: This study uses data from a Canadian cohort study to examine the cross-sectional associations of physical inactivity and sedentary activities with depressive symptoms in 14-and 15-year old adolescents. Results indicate that physical inactivity relates to moderate and high levels of depression but that sedentary activities are not consistently associated with depression symptoms. Youth mental health is an important public health concern and information on factors that can contribute or prevent depressive symptoms in adolescents is needed. Data are from a large representative sample of young Canadians. The manuscript is well written. The results are overall well presented and the use of a multinomial regression adds a rich nuance to the findings. Suggestions for improvement are provided below.
Particularly relevant might be this study from Canada that examined sedentary behaviours, adjusted for physical activity, and depression in youth: -Maras D, Flament MF, Murray M, Buchholz A, Henderson KA, Obeid N, Goldfield GS. Screen time is associated with depression and anxiety in Canadian youth. Prev Med. 2015; 73:133-8. 2) Abstract: "Physically inactive youth were 1.70 (95%CI: 1.32, 2.19) times more likely to have moderate depressive symptoms and 2.26 (95%CI: 1.74, 2.92) times more likely to have severe depressive symptoms compared to physically active youth". Because the authors used a multinomial logistic regression, the strict interpretation differs slightly than from what is presented here (it is not a probability but a relative probability). To make this clear to readers, I would suggest something like: "The probability of having moderate and severe depressive symptoms compared to no symptoms was 1.70 (95%CI: 1.32, 2.19) and 2.26 (95%CI: 1.74, 2.92) times higher, respectively, in physically inactive youth relative to physically active youth." 6) Introduction. Editorial comment: The 2nd paragraph on P.5 starts with "Understanding the relationship between physical activity, sedentary activity, and mental health is challenging" but the paragraph does not discuss challenges in this area of research. This might be confusing for readers. The authors might simply drop this sentence or add some information on the challenges of understanding the relationship between physical activity, sedentary activity, and mental health. 7) Measures/Depressive symptoms: "Items on this scale closely match DSM criteria for emotional disorders". The authors should specify that the items are from DSM-III-R, which differ from the more recent DSM-V, i.e. "Items on this scale closely match DSM-III-R criteria for emotional disorders" 8) Measures/Depressive symptoms: Considering that the items measured emotional disorder and not depressive symptoms specifically, the authors should consider renaming their outcome. According to reference 21, the original OCHS scale for emotional disorder correlated with the revised OCHS scale for depression, but only moderately (Pearson's: 0.77). Previous studies using this scale and cited in the manuscript (references 20, 22, 23) referred to the outcome as symptoms of emotional disorders or symptoms of depression and anxiety. 9) Measures/ covariates: The authors should include the full list of stressful life events in the manuscript, or in an appendix. 10) Measures/covariates: The authors should include the full list of chronic health conditions in the manuscript, or in an appendix. 11) Measures/covariates: The authors should provide more detail in the text about how substance use was defined i.e., (ever smoked tobacco, ever consumed alcohol) 12) Measures/covariates: Given that the participants are from different waves of the survey, the authors might consider accounting for a period/cohort effect by including year of survey in the model. 13) Analysis/missing data: Including a missing category for covariates in one simple way to retain study power but it comes at a cost, including potential for important bias. For example, see the paper: Henry, A. J., N. D. Hevelone, S. Lipsitz and L. L. Nguyen (2013). "Comparative methods for handling missing data in large databases." Journal of Vascular Surgery 58(5): 1353-1359.e1356. This paper finds that "[Using the missing indicator variable method (MIV)] introduced the most severe bias into the results in all simulation scenarios and should be used with great caution." One solution is to perform multiple imputation. Another solution is to conduct a sensitivity analysis with complete data to show that results remain robust. Potential for bias due to missing data should be mentioned in the discussion. 14) Table 1 : The acronym PMK should be spelled out or defined in legend 15) Table 1/categories of physical activity: It might be better to use "not active" rather than "sedentary" to avoid confusion with categories of sedentary activity. 16) Title of tables 2 and 3 e.g., " Table 3 : Results of Bootstrapped Univariate Multinomial Logistic Regression Modelling." Although the term "univariate" is technically correct (i.e. a non-multivariate model), it might be good to nonetheless drop the word "univariate" to avoid any confusion with "univariable" (which are often understood to be interchangeable by readers). 17) Suggestion of additional analysis: In the introduction, the authors report that: "A recent study by Wiles et al. suggests that physically active adolescents have lower odds of symptoms of depression, but that no association was detected between the intensity of physical activity and depressive symptoms.
[9]" Since the authors have access to data that could examine this and given that few studies have investigated this factor in their analysis, it might be worth to examine if intensity of physical activity/sedentary activities are related to depressive symptoms in youth. This could be an additional analysis and the results could be presented briefly in the manuscript and in tables in an appendix. The addition of these analyses would strengthen the manuscript and provided a more through analysis of the association between physical and sedentary activity and depression in young people. Further, this information could be important for clinicians, policy makers, and future research for making specific recommendations about the frequency of physical activity. 18) Discussion: "This misclassification tends to bias results towards the null". Non-differential misclassification leads to bias towards the null under a set of specific assumptions which may be violated in this case. See: -Jurek, A. M., S. Greenland, G. Maldonado and T. R. Church (2005) . "Proper interpretation of non-differential misclassification effects: expectations vs observations." International Journal of Epidemiology 34(3): 680-687. The paper correctly highlights that "non-differentiality by itself is not sufficient to guarantee that the bias is towards the null. Nondifferential misclassification rules require further conditions to ensure that the bias is towards the null." A solution is to simply change the sentence to something like "This misclassification may bias results". 19) Information on participant consent is missing.
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GENERAL COMMENTS
General comments This study reports on relationships between physical activity, sedentary activity and depressive symptoms among adolescents. Data from a large national survey is used to test for cross-sectional associations after adjusting for a range of covariates. Results indicated that low physical activity was associated with increased odds for higher levels of depressive symptoms and that high sedentariness was not consistently associated with higher levels of depressive symptoms.
Overall, the study findings are interesting and the manuscript is well written however the study is weakened by the relative crude measures of physical activity, sedentary behaviour and depressive symptoms as well as the age of the analysed data (ie. 1996-2009 -meaning some proportion of the data is 20+ years old).
Specific comments Abstract
Objectives -Is it depression or depressive symptoms being investigated? Primary outcome measure -Were symptoms of anxiety investigated or was it just depressive symptoms?
Introduction Para 2 -Detail on the diagnostic criteria for a major depressive disorder is provided. Given the focus on depressive symptoms (distinct from a major depressive disorder) it may be better to describe these and how these are associated with diagnosed depression.
-Additional studies / reviews could be cited to support the claim about adolescent PA and depressive symptoms. Para 3 -Sedentary behaviour includes many different behaviourswhat are noted are 'screen-based behaviours' which are a subset of all sedentary behaviours. This point could be made clearer. Further this paragraph makes reference to 'depressive disorders' and 'depression' which are both somewhat different to depressive symptoms (this issue is also repeated in other sections of the manuscript). Please adjust terminology to depressive symptoms which is the focus of your study.
Method Sample -1996-2009 represents a 14 year time span. Were any analyses performed to see whether behaviours/outcomes changed over this time span? Measures -The primary outcome measure items are noted to be closely matched to DSM criteria for 'emotional disorders'. Looking over the items indicated, several would seem to reflect an anxiety dimension (eg. 'I worry a lot') rather than depressive symptoms. Has the 'scale' been validated as a measure of depressive symptoms? Otherwise, perhaps the outcome measure could be better conceptualised as a measure of 'emotional disorders' (reflecting both anxiety and depressive dimensions).
-The constructed physical activity measure is rather crude and really only captures sports and other physical activities and does not include other types of physical activity (eg. active travel, incidental activity …). Perhaps the PA measure could be clarified further as Leisure Time PA. -Where/how were the three PA items derived? Has the 'composite PA score' been validated as a measure of PA? -Consistent with a previous comment, the sedentary behaviour measure would appear to be a measure of 'screen time' rather than all sedentary behaviour as such. Moreover, a single 'on average' item is unlikely to adequately capture all TV/video/DVD/game time especially given variation typically observed across weekdays and weekends. Please provide support for your measure.
Results
Para 2 -The labelling attached to the different levels of the PA variable is confusing. For example, the lowest PA category is referred to as 'physical inactivity' within the text while in table 1 it is referred to as 'sedentary' (distinct from the actual Sedentary measure) and in tables 2 and 3 'not active'. A consistent label should used through the text and tables. Moreover, each of the terms implies no activity -at best, the category would be more appropriately relabelled as 'low PA' or 'insufficient PA'. Tables 2 and 3 -Are results of both unadjusted adjusted models reported in the two tables? It appears that only one set of ORs are reported -unless I have missed something. Para 3 -Did the authors consider including the combined effect of low/high PA x low/high SB into the joint model? Given that PA and SB are considered separate behaviours some evaluation of the interplay of these behaviours on depressive symptoms would provide an interesting extension of the findings. Discussion Para 1 -Adjust text -'depression' to 'depressive symptoms'. Para 2 -Were (unreported) analyses stratified by gender conducted to allow comparison with the findings reported by Lund et al.? If not, then suggest adjusting this text. -Reference to adult-based studies confuses interpretation of the findings. The findings would be better discussed in relation to findings studies with adolescent samples -of which there are many. Para 3 -Reference is made to 'mental illness' -again the focus here should be directed on depressive symptoms (or emotional symptoms) as this is what was measured. p. 17 -Text 'in children and youth' is repeated. p. 17 -Discussion of the sedentary activity findings could be strengthened and reference made to more comparable studies rather than studies that are, methodologically, substantively different (eg. Hume et al. 2011 ). p. 17 -The authors note that given the 'somewhat dated' survey data, they do not expect change given more recent data. Is there evidence to support this contention? Furthermore, given reported declines in adolescent participation in organised sport and the rapid transformation in available technologies over recent years are the authors confident that their findings are likely to persist or change for better or worse? -While some shortcomings of both the PA and SB measures are noted, this could be further extended to include other matters including the rather narrow conceptualisation of each by virtue of the absence of other survey items that capture other forms of both active and sedentary behaviours. -Comment should also be made about the quality/validity of the depressive symptoms (or emotional symptoms) measure.
References -A number of minor errors need correction.
VERSION 1 -AUTHOR RESPONSE
Reviewer(s)' Comments to Author:
Reviewer: 1 Reviewer Name: Genevieve Gariepy, PhD Institution and Country: McGill University, Douglas Mental Health Institute, Canada Please state any competing interests or state 'None declared': None declared Please leave your comments for the authors below Summary: This study uses data from a Canadian cohort study to examine the cross-sectional associations of physical inactivity and sedentary activities with depressive symptoms in 14-and 15-year old adolescents. Results indicate that physical inactivity relates to moderate and high levels of depression but that sedentary activities are not consistently associated with depression symptoms. Youth mental health is an important public health concern and information on factors that can contribute or prevent depressive symptoms in adolescents is needed. Data are from a large representative sample of young Canadians. The manuscript is well written. The results are overall well presented and the use of a multinomial regression adds a rich nuance to the findings. Suggestions for improvement are provided below.
1) The literature review and reference list of the manuscript seem a bit outdated, with the most recent cited work dating back to 2014. Many good studies and reviews have since been published on the topic. The authors might want to update their literature review and their manuscript accordingly. For example, in a quick scoping search on the last 2 years, I found these recent reviews that might be of interest to the manuscript: 2) Abstract: "Physically inactive youth were 1.70 (95%CI: 1.32, 2.19) times more likely to have moderate depressive symptoms and 2.26 (95%CI: 1.74, 2.92) times more likely to have severe depressive symptoms compared to physically active youth". Because the authors used a multinomial logistic regression, the strict interpretation differs slightly than from what is presented here (it is not a probability but a relative probability). To make this clear to readers, I would suggest something like: "The probability of having moderate and severe depressive symptoms compared to no symptoms was 1.70 (95%CI: 1.32, 2.19) and 2.26 (95%CI: 1.74, 2.92) times higher, respectively, in physically inactive youth relative to physically active youth." RESPONSE: These references are now cited in the introduction. 6) Introduction. Editorial comment: The 2nd paragraph on P.5 starts with "Understanding the relationship between physical activity, sedentary activity, and mental health is challenging" but the paragraph does not discuss challenges in this area of research. This might be confusing for readers. The authors might simply drop this sentence or add some information on the challenges of understanding the relationship between physical activity, sedentary activity, and mental health.
RESPONSE: This sentence has been deleted as suggested. 7) Measures/Depressive symptoms: "Items on this scale closely match DSM criteria for emotional disorders". The authors should specify that the items are from DSM-III-R, which differ from the more recent DSM-V, i.e. "Items on this scale closely match DSM-III-R criteria for emotional disorders" RESPONSE: This has been clarified. 8) Measures/Depressive symptoms: Considering that the items measured emotional disorder and not depressive symptoms specifically, the authors should consider renaming their outcome. According to reference 21, the original OCHS scale for emotional disorder correlated with the revised OCHS scale for depression, but only moderately (Pearson's: 0.77). Previous studies using this scale and cited in the manuscript (references 20, 22, 23) referred to the outcome as symptoms of emotional disorders or symptoms of depression and anxiety.
RESPONSE: This point is well taken. We have amended the language throughout the manuscript to be clear that we are referring to symptoms of depression and anxiety. One solution is to perform multiple imputation. Another solution is to conduct a sensitivity analysis with complete data to show that results remain robust. Potential for bias due to missing data should be mentioned in the discussion. RESPONSE: Given that multiple imputation is difficult with weighted survey data, we have followed the suggestion to add a sensitivity analysis that includes only those with complete data. The findings from that analysis are consistent with the findings presented in the paper. 14) 16) Title of tables 2 and 3 e.g., " Table 3 : Results of Bootstrapped Univariate Multinomial Logistic Regression Modelling." Although the term "univariate" is technically correct (i.e. a non-multivariate model), it might be good to nonetheless drop the word "univariate" to avoid any confusion with "univariable" (which are often understood to be interchangeable by readers).
RESPONSE: This has been amended as suggested. 17) Suggestion of additional analysis: In the introduction, the authors report that: "A recent study by Wiles et al. suggests that physically active adolescents have lower odds of symptoms of depression, but that no association was detected between the intensity of physical activity and depressive symptoms.
[9]" Since the authors have access to data that could examine this and given that few studies have investigated this factor in their analysis, it might be worth to examine if intensity of physical activity/sedentary activities are related to depressive symptoms in youth. This could be an additional analysis and the results could be presented briefly in the manuscript and in tables in an appendix. The addition of these analyses would strengthen the manuscript and provided a more through analysis of the association between physical and sedentary activity and depression in young people. Further, this information could be important for clinicians, policy makers, and future research for making specific recommendations about the frequency of physical activity. RESPONSE: Thank you for this excellent idea. We agree it would strengthen this analysis. Unfortunately, we are limited by the available data in the NLSCY, and there are no measures that could be considered valid measures of intensity of activity. 18) Discussion: "This misclassification tends to bias results towards the null". Non-differential misclassification leads to bias towards the null under a set of specific assumptions which may be violated in this case. See: -Jurek, A. M., S. Greenland, G. Maldonado and T. R. Church (2005) . "Proper interpretation of nondifferential misclassification effects: expectations vs observations." International Journal of Epidemiology 34(3): 680-687. The paper correctly highlights that "non-differentiality by itself is not sufficient to guarantee that the bias is towards the null. Non-differential misclassification rules require further conditions to ensure that the bias is towards the null." A solution is to simply change the sentence to something like "This misclassification may bias results". RESPONSE: We have amended the text as suggested.
19) Information on participant consent is missing.
RESPONSE: This has been added to the Methods to clarify that participant consent was collected by Statistics Canada. Introduction Para 2 -Detail on the diagnostic criteria for a major depressive disorder is provided. Given the focus on depressive symptoms (distinct from a major depressive disorder) it may be better to describe these and how these are associated with diagnosed depression. -Additional studies / reviews could be cited to support the claim about adolescent PA and depressive symptoms.
RESPONSE: The updated introduction includes studies that support this.
Para 3 -Sedentary behaviour includes many different behaviours -what are noted are 'screen-based behaviours' which are a subset of all sedentary behaviours. This point could be made clearer. Further this paragraph makes reference to 'depressive disorders' and 'depression' which are both somewhat different to depressive symptoms (this issue is also repeated in other sections of the manuscript). Please adjust terminology to depressive symptoms which is the focus of your study. RESPONSE: Terminology has been adjusted throughout to "symptoms of depression and anxiety" Method Sample -1996-2009 represents a 14 year time span. Were any analyses performed to see whether behaviours/outcomes changed over this time span? RESPONSE: As recommended by the other reviewer, a cohort variable was added to models and tables adjusted accordingly to account for cohort effect.
Measures
-The primary outcome measure items are noted to be closely matched to DSM criteria for 'emotional disorders'. Looking over the items indicated, several would seem to reflect an anxiety dimension (eg. 'I worry a lot') rather than depressive symptoms. Has the 'scale' been validated as a measure of depressive symptoms? Otherwise, perhaps the outcome measure could be better conceptualised as a measure of 'emotional disorders' (reflecting both anxiety and depressive dimensions).
RESPONSE: Terminology has been updated to "symptoms of depression and anxiety".
-The constructed physical activity measure is rather crude and really only captures sports and other physical activities and does not include other types of physical activity (eg. active travel, incidental activity …). Perhaps the PA measure could be clarified further as Leisure Time PA. RESPONSE: Thank you for this suggestion. We have amended the terminology to be clear that we refer to leisure time physical activity.
-Where/how were the three PA items derived? Has the 'composite PA score' been validated as a measure of PA? RESPONSE: The three PA items were questions posed to respondents of the survey. The composite PA score has not been validated. This is discussed in the revised Strengths and Limitations section of the Discussion.
-Consistent with a previous comment, the sedentary behaviour measure would appear to be a measure of 'screen time' rather than all sedentary behaviour as such. Moreover, a single 'on average' item is unlikely to adequately capture all TV/video/DVD/game time especially given variation typically observed across weekdays and weekends. Please provide support for your measure.
RESPONSE: We agree that the measure is unlikely to capture all sedentary activity. This is discussed in the revised Strengths and Limitations section of the Discussion.
Results
Para 2 -The labelling attached to the different levels of the PA variable is confusing. For example, the lowest PA category is referred to as 'physical inactivity' within the text while in table 1 it is referred to as 'sedentary' (distinct from the actual Sedentary measure) and in tables 2 and 3 'not active'. A consistent label should used through the text and tables. Moreover, each of the terms implies no activity -at best, the category would be more appropriately relabelled as 'low PA' or 'insufficient PA'. RESPONSE: Labels have been updated accordingly.
Tables 2 and 3 -Are results of both unadjusted adjusted models reported in the two tables? It appears that only one set of ORs are reported -unless I have missed something. RESPONSE: Only adjusted models are presented.
Para 3 -Did the authors consider including the combined effect of low/high PA x low/high SB into the joint model? Given that PA and SB are considered separate behaviours some evaluation of the interplay of these behaviours on depressive symptoms would provide an interesting extension of the findings.
RESPONSE: Thank you for this suggestion. A separate analysis using a sedentary*physical interaction term has been included, but the term was not significant. A sentence has been added in both methods and results regarding this. RESPONSE: We now discuss and cite a comparable Canadian cross-sectional study.
p. 17 -The authors note that given the 'somewhat dated' survey data, they do not expect change given more recent data. Is there evidence to support this contention? Furthermore, given reported declines in adolescent participation in organised sport and the rapid transformation in available technologies over recent years are the authors confident that their findings are likely to persist or change for better or worse? RESPONSE: We have added references to recent studies showing that despite increased concerns about screen use, the evidence regarding harms of screen time is mixed.
-While some shortcomings of both the PA and SB measures are noted, this could be further extended to include other matters including the rather narrow conceptualisation of each by virtue of the absence of other survey items that capture other forms of both active and sedentary behaviours.
RESPONSE: This is discussed in the revised Strengths and Limitations section of the Discussion.
-Comment should also be made about the quality/validity of the depressive symptoms (or emotional symptoms) measure.
RESPONSE: This measure is derived from one of the most widely used measures of child/youth mental health, and is linked to gold standard diagnostic criteria. It has been used in hundreds of studies on adolescent symptoms of depression and anxiety. This is mentioned in the Methods section, where the reliability of this measure is also reported .
VERSION 2 -AUTHOR RESPONSE
Reviewer: 1 Reviewer Name: Genevieve Gariepy, PhD Institution and Country: McGill University, Douglas Mental Health Institute, Canada Please state any competing interests or state 'None declared': None declared Please leave your comments for the authors below The authors did a great job addressing the concerns raised by reviewers. The manuscript is much improved, stronger and clearer. Some additional comments are provided below to further strengthened the manuscript.
1. Intro: "The DSM-IV diagnostic criteria for major depressive disorder include loss of interest in previously-enjoyed activities, loss of energy, and other symptoms which may increase sedentary activity and decrease physical activity frequency." Given that the outcome is now symptoms of depression and anxiety, defining the diagnostic criteria for major depression seems less relevant. The authors could simply drop this sentence or replace it with some descriptive information about what are symptoms of depression and anxiety.
RESPONSE: Thank you for this suggestion. We have removed the mention of the DSM in text and instead give examples of symptoms of depression and anxiety.
2. Discussion, p. 19: "In a population-based study of more than 9,700 adolescents, lower physical activity was associated with higher symptoms of depression and anxiety whereas sedentary activity appeared to have less consistent patterns with symptoms of depression and anxiety." In this sentence and elsewhere in the discussion, the authors might want to specify "leisure time physical activity" where appropriate to make is clear to readers.
RESPONSE: We agree that this suggestion clarifies the context. We now refer to leisure time physical activity in numerous places throughout the manuscript.
3. Discussion: In the introduction, the authors argue that "it is unclear whether sedentary behaviour on its own increases risk for depression, or whether the association between sedentary behaviour and decreased physical activity drives this association". Given that the study objective was to examine a joint model of "both sedentary behaviour and physical activity", the authors should comment on the results of this model in the discussion. This is the interesting bit for readers! For example, "When both sedentary and leisure-time physical activity were included in the same model, sedentary activity was associated with moderate but not with severe symptoms of depression and anxiety…." What hypothesis do the authors have that could explain these results? What have other studies that controlled for both found? To save on space, the authors could cut down on the text describing the results for the physical activity model alone and sedentary activity model alone.
RESPONSE: It is difficult to interpret these findings, and we prefer not to speculate when the results are not consistent and clear. We have added the following text to the Discussion: "When both sedentary and leisure-time physical activity were included in the same model, sedentary activity was
